Planarians are renowned for extraordinary regenerative abilities that are driven by stem cells maintained throughout their lives. In this issue of Cell, Zeng et al. report the prospective isolation of planarian pluripotent stem cells. Their work opens new directions for understanding how these remarkable cells are established, maintained, and activated.
Throughout the animal kingdom, regenerative capacity ranges from limited to extraordinary. The planarian Schmidtea mediterranea is capable of wholebody regeneration: tiny tissue fragments can rebuild entire organisms, provided they retain stem cells called neoblasts (Newmark and Sá nchez Alvarado, 2002) . In this issue of Cell, Zeng et al. (2018) use single-cell RNAsequencing (scRNA-seq) to identify and isolate a neoblast subpopulation that they functionally validate as pluripotent, bringing us closer to understanding these extraordinary stem cells.
Classic experiments showed that neoblasts are the source of cells for regeneration. Upon irradiation, neoblasts were ablated, leading to loss of regeneration and death; however, viability could be restored by transplanting unirradiated grafts (Wolff, 1962) . Indeed, injection of isolated cell populations enriched in neoblasts, but not differentiated cells, replenished all tissues and rescued radiation-induced lethality (Baguñ à et al., 1989) . As a population, neoblasts share common cytological and molecular features, but it has long been appreciated that they are likely heterogeneous, displaying varying degrees of potency (Baguñ à et al., 1990) . Seminal work from the Reddien laboratory revealed a truly pluripotent neoblast subclass, termed ''clonogenic neoblasts'' (cNeoblasts). Remarkably, single transplanted cNeoblasts were sufficient to repopulate irradiated planarians and rescue them from certain death (Wagner et al., 2011) .
How do cNeoblasts accomplish these feats? Neoblasts must integrate myriad extrinsic signals during both homeostasis and regeneration. Following amputation, neoblasts respond to wound signals through a combination of migration, proliferation, and differentiation to regenerate missing tissues. In uninjured planarians, they replace cells lost during the course of normal wear and tear. What signals govern neoblast maintenance throughout the life of the animal and neoblast activation in response to injury or tissue turnover? Answering these questions hinges on our ability to molecularly identify the cNeoblasts, and the work of Zeng et al. represents a significant advance toward this end.
Studying gene expression in individual neoblasts revealed their molecular heterogeneity and enabled them to be grouped into three broad classes (van Wolfswinkel et al., 2014) , though the identity of the cNeoblast subset remained unresolved. Three recent papers, including Zeng et al., harnessed the power of scRNA-seq to classify planarian cell types and states ( Figure 1A ). Whereas Fincher et al. (2018) and Plass et al. (2018) sought to compile transcriptomes for every cell type in the animal, Zeng et al., used fluorescence-activated cell sorting (FACS) of mixed neoblasts to hone in on the cNeoblast population. All three groups identified 12-22 neoblast subclasses; the similarities and differences between these classifications warrant further investigation to uncover a comprehensive cNeoblast molecular signature. Of the 12 neoblast subclasses identified by Zeng et al., most exhibited gene expression patterns reflecting known lineage-commitment markers, but one subclass (Nb2) displayed no such signatures. Instead, Nb2 subclass signature genes showed expression dynamics consistent with cNeoblasts. Could the Nb2 cluster represent the elusive cNeoblasts?
Expression of a transcript encoding the cell-surface protein Tetraspanin-1 (TSPAN-1), was highly selective for the Nb2 cluster. TSPAN-1 antibodies enabled isolation of Nb2 neoblasts, allowing the authors to test whether TSPAN-1 + cells were indeed pluripotent. Singly transplanted TSPAN-1 + cells rescued lethally irradiated planarians at a much higher frequency than previously reported ( Figure 1B ; Wagner et al., 2011 Figure 1B ; Wagner et al., 2011) . Are these protrusive cells migratory? Are other neoblast subclasses less competent to respond to wound-induced pro-migratory cues? Are cNeoblasts associated with specific niches? These and other questions remain, and the advances described by Zeng et al. provide new avenues for understanding how pluripotent neoblasts enable planarian regeneration. + cells greatly increased this rescue efficiency. X1(FS) neoblasts displaying protrusions showed enhanced colony formation (75%) compared to those without protrusions (10%); however, rescue to viability was not reported.
